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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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INTERNATIONAL STANDARD ISO 18594:2007(E)

Resistance spot-, projection- and seam-welding — Method for
determining the transition resistance on aluminium and steel
material

1 cope

This |nternational Standard specifies the procedure and the experimental set-up for determining the transition
resisfance of a single sheet or two overlapping sheets of aluminium or steel, with an-without surfage treatment,
and with or without surface coating.

2 Terms and definitions
For the purposes of this document, the following terms and definitions’apply.

21
contact resistance
electfic property of a contact area between two bodies ‘which opposes and limits the passage through it of a
steady current

EXAMPLE The contacts between electrode/electrode, electrode/sheet and sheet/sheet.

2.2
bulk resistance
ohmig resistance of an electrical conductor

23
totalresistance
R
electrical resistance as measured between the sensing clamps (includes both bulk and contact refistances)

See frigure 1 and Figure 2.

24
set-up resistance
RS
resisfance of the experimental set-up between the sensing clamps without metal sheet(s) |between the
electrodes, the two electrodes being in direct contact

See Figure 2 b), (Ry+R{+R7).

25

transition resistance

Ry

total resistance minus the set-up resistance

© 1SO 2007 — All rights reserved 1
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3 Basic principles

Figure 1 shows schematically the resistances in the weld zone of the spot welding process. The contact
resistances are not directly accessible to measurement.

N O O A WIN -

Key
Fg electrode force

bulk resistance of top electrode, R,

contact registance top electrode/upper sheet, R,

bulk resistance of upper sheet, R,

bulk resisfance of lower sheet, Ry

1

2

3

4  contact repistance sheet/sheet, R,
5

6 contact repistance lower sheet/bottom elecirode, Rg
7

bulk resisfance of bottom electrode,-R;,

Figure 1 — Resistance (schematic illustration)

4 Measurement

4.1 Measuring set-up

Figure 2 a) shows schematically the experimental set-up for the determination of the transition resistance with
one metal sheet between the electrodes. The total resistance is measured by means of the voltage/potential
drop between the two sensing clamps.

Either one or two specimens are placed between the electrodes, the electrode force is applied and a rectified
current from an external source is allowed to flow through the test pieces via the electrodes. The voltage drop
between the sensing clamps is measured and the total resistance calculated using Ohm’s law:

R =

U
7 (1)

2 © 1SO 2007 — All rights reserved
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where
R s the total resistance, in ohms;
U is the voltage, in volts;
I isthe current, in amperes.

The resistance of the experimental set-up, or set-up resistance, is obtained by measuring the

voltage drop

between the sensing clamps without any test pieces between the electrodes [see Figure 2 b)]. The set-up
resistance comprises the bulk resistance of the electrodes between the sensing clamps and the contact

H lo ok 4lo 1 4 <l
resisfancebetweentheetectrodes:

In thg case of single metal sheet measurements, the total resistance consists of the bulk resistan
and bottom electrodes between the sensing clamps (R4, R;), the contact resistances, (Ry Rg)
resisfance of the sheet (R;3) [see Figure 2 c)].

es of the top
and the bulk

The fotal resistance, in the case of two-sheet measurements, consists of the bulk ‘resistances of the top and
bottom electrodes between the sensing clamps (R4, R;), the contact resistances (R,, R4, Rg) and bulk

resisfances of the two-sheets (R3, Rg) [see Figure 2 d)].

© 1SO 2007 — All rights reserved
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Figure 2 — Experimental set-up for determining the transition resistance
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Measurement procedure

4.2.1 Preparatory steps

Test pieces, e.g. of a size 50 mm x 100 mm, are taken from each material to be investigated. Surface
conditions which do not correspond to production conditions in the measurement area (e.g. dirt, scratches,
fingerprints) are not permitted. Normal surface conditions (e.g. oiled, phosphated, conversion coated) shall be
documented in the test report. In the case of two-sheet measurements, the specimens shall be flat. Burrs are
not admissible at the sheet-to-sheet interface. Before starting the test, both the measuring set-up and the
sheet material shall be at ambient conditions.

In th

sheef are marked with “A” and “B” respectively. It is further recommended that test runs_with
compiinations are carried out:

Durinfg a single test series, the surface position of the test pieces shallnot be changed.

4.2.2| Determination of the set-up resistance

The

undef 4.1, after the electrodes are brought together. The‘electrode speed shall not exceed 15 mn
and the dynamic electrode force shall not exceed the;set force.

The
shall
Any

together and the set-up resistance measured as described above.
Since the set-up resistance can,ehange during a test series due to pick-up on the working face

resisfance values shall be determined both before and after each test series. The set-up resistang
serief is the mean value of the tWwo measurements.

4.2.3 Measuring the'total resistance

A mi
orde

electrodes_and the electrode force applied. After the nominal value of the electrode force is read
powdr solrce is switched on and the voltage drop measured after an elapsed time of (15 + 1) s.

¢ case of two-sheet measurements, it is recommended that the upper and lower surfaces d

A-B/B-A,
B-A/A-B, and

A-B/A-B.

experimental set-up is used as shown in Figure 2. The<&et-up resistance shall be measured,

set-up resistance shall be measured beforg)and after each test series. For this purpose, tf
be prepared using emery paper with a-grainh size of 1 200, first the top electrode and then th
just shall be removed using a clean}-dry tissue or micro-fibre cloth. The electrodes are

mimum of seven measurements shall be carried out at different locations on each test piece (
1 to make{the seven measurements on each test series, the specimen shall be positioned

f each metal
the following

as described
/s at contact,

e electrodes
b bottom one.
then brought

s, the set-up
e for the test

see 4.2.1). In
between the
hed, the d.c.

The location of the measuring points shall be selected such that the distance centre-to-cenire and centre-to-
specimen edge is greater than, or equal to, 15 mm (see Figure 3).

© 1SO 2007 — All rights reserved
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Figure 3 — Example for the location of the measuring points

es shall be positioned perpendicular to the axis of the electrodes. No relative movement bet
working faces and the specimen surface, e.g. vibration, rotation or sliding, is permitted.

stance of the test series is the mean value of a minimum of seven measurements.

htact resistance on a sheet or a component ean vary from location to location, it is recomme
sentative results at least five test pieces aretaken from different locations.

mining the transition resistance

n resistance of a test series\is the difference between the total resistance and the s
the test series.

e Equations (6), (7).and (8)], using the results of at least five test pieces.

juipment

cal system shall have a high stiffness in order to minimise a sliding of the electrode working
ity of the electrode axes shall not exceed 0,1 mm.

ween

nded

et-up

lue, the standard deviation and the coefficient of variation shall be calculated in accordancg with

faces.

The distance between the introduction of the current and the sensing clamps shall be greater than 15 mm. If
electrode caps are used, the sensing clamps shall be applied to the electrodes. Instead of the separate d.c.
power source and the digital voltmeter, a precision resistance meter may also be used.

For details of the test equipment and set-up conditions to be used see Table 1.

© 1SO 2007 — All rights reserved
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Table 1 — Test equipment and set-up conditions

Measuring and testing equipment Aluminium Steel
Force-generating system
— set-up force 5 kN to 7,5 kN@ 3,5kN
— maximum error +5% +5%
Electrodes
— material CuCrZr or CuCr CuCrZr or CuCr
— diameter > 20 mm > 16 mm
— radius 150 mm to 300 mm?@ 40 mm to 50 mm?2

d.c. power sourceP

— set-up current eg.10A, <100 A
— maximum ripple +0,5%
— maximum error (reading value) +1%

Digital voltmeter®
— sensitivity < uv

— maximum error of display 1¢0"% and = 1 digit

(Micro-)Ohm meter
— measuring current eg.10 A, <100 A

— sensitivity < 0,1 uQ

@  Data to be used shall be specified.

b The minimum resolution of the combination d.c. power source and digital voltmeter shall be
> 0,1 pQ.

6 Formulae and abbreviations for calculating the transition resistance

The get-up resistance, Ry, expressed in ohms, is calculated as follows:

wher

w

] ~is the measured current, in amperes;

Us is the set-up voltage, in volts, and calculated as follows:

U, - M 3)

where

Us, Is the voltage drop between the sensing clamps on the electrodes due to the set-up resistance
before test series, in volts;

Us, s the voltage drop between the sensing clamps on the electrodes due to the set-up resistance
after test series, in volts.

© 1SO 2007 — All rights reserved 7
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The mean value of the voltage drop in a test series, U, expressed in volts, is calculated as follows:

= (Uq4+Uy+U3+U,4+Ug+Ug+U7...+U
g WUitUp+Us+Uy+Us+Ug +Usq n) (@)
n
where
Uy,..., U, s the voltage drop between the sensing clamps on the electrodes during a test series.
The transition resistance, Ry, expressed in ohms, is calculated as follows:
U
Rt = 7 B RS (5)
The mean vglue of the transition resistance, Et, expressed in ohms, is calculated as follows!
— 1 n
Rt=—AD'Ry (6)
iz
where
Ry; s the transition resistance at measuring point 7, in ohms.
The standarq deviation, s, expressed in ohms, is calculated as follows:
c 52
s= [t x 2Ry — Rt) (7)
(np1) 5
The coefficient of variation, 7, expressed as a percentage, is calculated as follows:
S
V= [_—] x100 (8)
Rt
7 Testreport
The test repqrt(s) shall proevide information regarding the following:
— testresylts;
— date of tesk
— reference to this International Standard;

examiner's name and signature.

See Annex A.
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